Objectives: To describe child and adolescent dietary patterns and to determine associations between childhood dietary pattern and longitudinal change in body mass index (BMI) z-score among girls. Population and methods: Healthy girls (n ¼ 101) aged 8-12 years at baseline and 11-19 years at follow-up participated in a longitudinal study of growth and development. Participants kept 7-day dietary records at two points in time. We incorporated time of day, frequency, and amount of energy consumed (defined as percentage of total energy consumed per dietary event) when characterizing dietary patterns. Results: Girls ate an average of 4-5 times per day and consumed most energy in the afternoon and in the evening/night, rather than in the morning. After controlling for baseline BMI, the mean percentage of daily energy consumed in the evening/night was positively associated with change in BMI z-score (P ¼ 0.039). Eating between 4.0 and 5.9 times per day overall and no more than 1.9 times in the evening/night daily were negatively associated with change in BMI z-score (P ¼ 0.002 and 0.047, respectively), after controlling for baseline BMI z-score. Discussion: Recommendations to decrease the percentage of energy coming from the evening/night meal and the number of dietary events to no more than six times per day and two times in the evening/night should be evaluated in future longitudinal investigations.
Introduction
Researchers have examined dietary patterns in an attempt to explain the startling increase in adolescent overweight that has occurred during the past 20 years. [1] [2] [3] [4] [5] [6] [7] Health experts have regarded both eating between meals (often referred to as snacking) and skipping meals as behaviors possibly associated with the risk of becoming overweight during adolescence. 2, 3, 6 Recent investigations, however, have shown few significant relationships between dietary patterns and becoming overweight. [2] [3] [4] [5] [6] [7] [8] [9] Interpretation of findings from dietary pattern research has proved difficult because the terms meal and snack are difficult to define, especially in an adolescent population. 10 Most researchers have defined a meal as a dietary event occurring at a usual mealtime and a snack as a dietary event occurring outside of a usual mealtime. 8, 11 Some researchers, however, have asked participants themselves to define meals and snacks 10 or have defined meals and snacks by the amount of food and beverage consumed. 12 In studying adolescents, it might be more useful to abandon arbitrary meal and snack categories in favor of a flexible system that incorporates time of day, frequency, and amount of energy in defining dietary intake patterns. This study had two purposes: (1) to describe child and adolescent dietary patterns and (2) to determine any association between childhood dietary pattern and longitudinal change in body mass index (BMI) z-score among girls.
Methodology
Participant information Participants in this study were a convenience sample (n ¼ 101) of 196 girls originally enrolled in a longitudinal growth and development study started in 1990 at the Clinical Research Center at the Massachusetts Institute of Technology (MIT). 13 The original study participants were recruited from Cambridge and Somerville schools and a MIT-sponsored summer day camp. Participants' friends and siblings were also invited to enroll. Inclusion criteria required all the study participants at enrollment to be premenarcheal, to have a triceps skinfold thickness (TSF) below the 85th percentile by age and sex, 13 and to be in good health. Each girl was paid $50 at baseline and $75 at the final visit for participation in the study. Both the Committee on the Use of Humans as Experimental Subjects at MIT and the Human Investigations Review Committee at the New England Medical Center approved the original study.
14 Study participants were asked to provide seven consecutive days of dietary records at baseline and at intervals throughout the study. The MIT study staff used baseline and subsequent dietary records in analyses of subgroups of study participants. Participants were included in this analysis if they provided two complete sets of dietary records separated by at least 1 year (the maximum length of follow-up was 10 years) at both baseline and follow-up. A dietary record was considered complete if it contained at least 6 days including 1 weekend day, and had complete coding of time and place of consumption for all items recorded.
Of the original 196 participants, 66% had follow-up dietary records, and 78% of those participants had two complete dietary records. Thus, 101 girls who had two complete dietary records were available for the analyses.
Participants were asked to self-report ethnicity at baseline and physical activity at baseline and at follow-up. On the questionnaire, participants were asked to rate their physical activity relative to peers; specifically, participants were asked if they were a lot less, a little less, as (average; or the same as most girls), a little more, or a lot more active than their peers. Through questionnaires completed at baseline, participants' parents provided information on annual income, paternal and maternal education, and paternal and maternal BMI (computed from measured weight and height).
Trained health care professionals measured participants' weight on a Seca scale and measured height on a stadiometer while participants were wearing hospital gowns at both baseline and subsequent study years. A 15-min time interval has been used in previous research on adults 16 and children 17 to define a dietary event. Therefore, in this analysis, dietary events (eating and drinking) were considered to be independent if they were separated by a minimum of 15 min. In an attempt to capture 'usual' times when children and adolescents ate breakfast, lunch, and dinner, dietary events were classified as morning (0600-1059), afternoon (1100-1659), or evening/night (1700-0559). We calculated overall dietary event frequency (number of events per day) and amount of energy consumed (percentage of total energy consumed per dietary event). We further classified dietary events as morning, afternoon, or evening/night events. The mean daily dietary event frequency was calculated by dividing the total number of dietary events per week by the number of days included in the dietary record. To examine differences among girls who typically ate three structured meals daily, ate three structured meals and up to two snacks daily, or grazed (i.e., ate six or more times per day), we created three categories: 0.0-3.9 times per day, 4.0-5.9 times per day, and 6.0 or more times per day. Categories were also created for girls eating 0.0-1.9 times or 2.0 times or more (morning); 0.0-1.9 times, 2.0-2.9 times, or 3.0 times or more (afternoon); and 0.0-1.9 times, 2.0-2.9 times, or 3.0 times or more (evening/night).
Definition of dietary pattern
The mean percentage of energy consumed per day was calculated by dividing the total energy consumed by the number of days included in the dietary record. The mean percentage of energy consumed per day in the morning, afternoon, and evening/night was calculated by dividing the total amount of energy consumed in each period by overall daily energy intake. The mean percentages of energy consumed per day, in the morning, afternoon, and evening/night were treated as continuous variables. All analyses were carried out for weekdays (Monday through Friday), weekend days (Saturday and Sunday), and weekdays and weekend days combined (Monday through Sunday). 18 Rather than using absolute BMI, we used a BMI z-score because doing so provided an indirect age-and sex-specific measure of relative adiposity. As adolescent girls experience substantial changes in body composition associated with growth and puberty, a relative measure of change in BMI is more appropriate than absolute BMI. BMI z-score is the number of standard deviation units that a person's BMI is from a mean or reference value. A positive change in z-score from baseline to follow-up indicates an increase in relative BMI over the time interval; a negative change in z-score indicates a decrease in relative BMI. The z-scores were computed relative to the Centers for Disease Control and Prevention Revised Growth Chart reference. 19 Covariates We categorized covariates in the following ways. Girls were classified as white participants or other; physical activity was coded as less, same, or more than peers. Parental BMI was classified according to recommended BMI categories (as shown in Table 1 ); annual household income was classified as greater than $50 000 or $50 000 or less; and parents' education was classified as less than college-educated, college-educated, or postgraduate. We calculated each participant's age from birth date to the day of visit at both baseline and at follow-up, and we calculated time between study intervals by subtracting the baseline visit date from follow-up visit date. Age and interval between study visits were treated as continuous variables.
Statistical methodology
We used SAS (Version 8.1, 2000, SAS Institute, Cary, NC USA) for all statistical analyses. Pearson correlation was used to determine significant relationships among mean energy intake variables, and linear regression was used to determine the relationship between change in BMI z-score and dietary pattern. Linear regression models examining dietary event frequency and amount of energy consumed were adjusted for race, physical activity, parental BMI, household income, parental education, age, baseline BMI z-score, and time between baseline and follow-up. Using backward selection, BMI z-score was the only covariate significantly associated with change in BMI z-score and was therefore the only covariate included in the final models.
Results

Sample characteristics
Of the 101 participants with complete dietary records at both baseline and follow-up, 74% were white participants. At baseline, 40% of participants considered themselves as active as their peers and 51% considered themselves more active than their peers. Although the study inclusion criteria required that all paticipants have a TSF lower than the 85th percentile, 4% of participants had a BMI at or above the 85th percentile at baseline. At follow-up, 9% of participants had a BMI at or above the 85th percentile. Most of the participants (60%) came from families earning at least $50 000 annually, and most of the mothers and fathers had at least college-level education (72 and 81%, respectively). Mothers' and fathers' BMIs ranged from underweight to obese (Table 1) . The median age was 9 years at baseline and 15 years at follow-up. The participants' follow-up records were completed at a median of 6 years (range ¼ 2-10 years) after z-Score among girls OM Thompson et al baseline records were completed. Weights and heights varied among participants, as did BMI and BMI z-score. Participants who had the greatest change in BMI z-score had the lowest BMI z-scores at baseline (r ¼ À0.431, Po0.001) ( Table 2) .
Dietary pattern
At baseline, girls consumed a daily median of 7288 kJ on weekdays and a daily median of 7573 kJ on weekend days. At follow-up, median energy consumed per day increased during weekdays (7326 kJ) and decreased during weekend days (7016 kJ). For weekdays and weekend days combined, girls consumed a median of 7221 kJ per day at baseline compared with 7472 kJ per day at follow-up. During both weekdays and weekend days, girls consumed more of their energy in the afternoon and evening/night than in the morning at both baseline and follow-up. The variability in mean energy consumed throughout the day, however, was substantial. Some girls reported consuming as little as 0-5% of their daily energy in a given time period, whereas others reported consuming as much as 100% of their daily energy in a given time period (Table 3) . On weekdays, girls ate a median of 5.0 times per day (range ¼ 3.0-8.8) at baseline and a median of 4.0 times per day (range ¼ 2.0-10.2) at follow-up. Weekend eating frequency was lower than weekday frequency (4.5 times per day) at baseline and was the same as weekday frequency (4.0 times per day) at follow-up. On weekdays and weekend days combined, girls ate a median of 4.9 times per day (range ¼ 2.9-8.9) at baseline and a median of 4.1 times per day (range ¼ 2.1-10.0) at follow-up. At baseline and at follow-up, median frequency of morning, afternoon, and evening/night dietary events did not differ substantially between weekdays and weekend days. Greater variability in dietary event frequency was found on weekend days than on weekdays, however. When weekdays and weekend days were combined, girls reported a median of 1.1 morning events (range ¼ 0.9-2.4), 2.0 afternoon events (range ¼ 1.0-4.1), and 1.6 evening/night events (range ¼ 0.9-3.6) at baseline and a median of 1.0 morning events (range ¼ 0.0-2.3), 1.7 afternoon events (range ¼ 0.9-3.7), and 1.5 evening/night events (range ¼ 0.7-5.5) at follow-up (Table 4) .
Evening/night mean energy intake during weekdays was significantly associated with change in BMI z-score (P ¼ 0.039, adjusted model). Specifically, girls initially consuming 100% of their energy in the evening/night exhibited an increase in their BMI z-score of 1.41 standard deviations at follow-up. Mean energy consumed in the evening/night during weekdays was negatively correlated with mean energy consumed during weekday mornings (r ¼ À0.416, Po0.001) and afternoons (r ¼ À0.460, Po0.001). When weekend days and weekdays were combined, no significant associations were found between change in BMI z-score and weekend day mean energy intake or between change in BMI z-score and mean energy intake ( Table 5) .
The mean number of daily dietary events was significantly associated with change in BMI z-score during weekdays. Girls eating 4.0-5.9 times per day exhibited a smaller increase in BMI z-score than girls eating 6.0 or more times per day (P ¼ 0.0024, adjusted model). The number of evening/night dietary events during weekdays also was significantly associated with change in BMI z-score. Girls eating no more than 1.9 times in the evening/night exhibited a smaller z-Score among girls OM Thompson et al increase in BMI z-score than girls eating 3.0 or more times in the evening/night (P ¼ 0.0471, adjusted model). No significant association was found between change in BMI z-score and weekend day frequency variables. When looking at weekdays and weekend days combined, girls who ate 4.0-5.9 times per day exhibited a smaller increase in BMI z-score than girls who ate 6.0 or more times per day (P ¼ 0.0280, adjusted model). Girls who ate no more than 1.9 times in the afternoon exhibited a smaller increase in BMI z-score than girls who ate 3.0 or more times in the afternoon (P ¼ 0.0537, adjusted model) ( Table 6 ).
Discussion
The primary purposes of this study were (1) to describe childhood and adolescent dietary patterns and (2) to determine whether dietary patterns established during childhood are associated with change in BMI z-score throughout adolescence. The girls in this sample consumed most energy in the afternoon and in the evening/night, rather than in the morning. They ate an average of four to five times per day, but the variability in the number of daily dietary events was considerable. The mean percentage of daily energy consumed in the evening/night on weekdays was positively associated with change in BMI z-score. Eating on weekdays between 4 and 6 times per day and no more than two times in the evening/night was negatively associated with change in BMI z-score.
Cross-sectional studies of child and adolescent dietary intake frequency have shown few, if any, significant relationships between number of dietary events and body weight. In a cross-sectional study by Morgan et al., 8 no relationship was found between snacking and increased body weight among 972 children and adolescents. In that study, dietary events (coded from 7-day dietary records) were categorized for analysis by the average number of dietary events per day, the total number of dietary events per week, and the total number of snacks per week. Summerbell et al., 9 however, conducted a cross-sectional study and showed that 13-to 14-year-old 'nibblers' (those eating up to six times per day) had a lower BMI than those eating fewer but structured meals daily. Summerbell et al. 9 did mention that a major limitation to their study was the potential bias of overweight adolescents to under-report their food intake, but they were not able to verify this limitation. Pastore et al. 20 conducted a cross-sectional study and found that among 753 male and female adolescents living in New York City, 72% of those who were heavier than ideal (33% of the sample) skipped breakfast more than three times each week. These studies did not establish causality because in any cross-sectional study the directionality is not elucidated: participants may have changed their dietary pattern after becoming overweight, in an attempt to lose weight. At least one recent longitudinal study of child and adolescent breakfast consumption has been conducted. Berkey et al. 6 conducted a longitudinal study of breakfast skipping and change in BMI over a 1-year time period and found that overweight breakfast skippers reduced their BMI but normal-weight breakfast skippers increased their BMI.
Several limitations of the current study are noteworthy. First, the quality of the dietary records decreased as the girls increased in age. It was difficult, therefore, to accurately characterize the follow-up diets. Second, compliance with record keeping could have been related to the frequency of dietary events. It is possible that the girls who kept detailed dietary records differed from the girls who kept less detailed records. Third, definitions of dietary events were data driven Weekend days Daily 4.5 1.5-9. and prior hypotheses were loosely specified. Fourth, the generalizability of our findings is limited. Most participants were middle-to upper-class girls from highly educated families. Despite these limitations, the data are extremely valuable and difficult to obtain, particularly from children and adolescents, due to the heavy burden associated with dietary record keeping. In summary, this study suggests that recommendations to decrease the percentage of energy coming from the evening meal and the number of dietary events to no more than six times per day and two times in the evening/night should be evaluated. Future longitudinal investigations are still needed to establish the role that dietary patterns play in the development of overweight in adolescents.
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